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DESCRIPTION 

HYDROGEN STORAGE ALLOY, HYDROGEN STORAGE ALLOY POWDER, 
PRODUCTION METHOD THEREFOR, AND NICKEL-HYDROGEN SECONDARY 

BATTERY ANODE 

Technical Field 

The present invention relates to a hydrogen storage alloy which is useful as an 
electrode material for a nickel-hydrogen secondary battery and the like, and specifically, 
which has high activity, corrosion resistance, and life performance with good balance by 
being employed as a secondary battery anode material; a powder therefor; a production 
method thereof; and a nickel-hydrogen secondary battery anode. 

Background Art 

Presently, in the field of metal oxide-hydrogen batteries, attention is attracted to 
batteries of the type having a hydrogen anode or negative electrode formed of a 
hydrogen storage alloy. By nature, batteries of the above-described type have high 
energy density, excellent in volumetric efficiency and safely operable, and further are 
excellent in other characteristics and reliability. For an AB 5 hydrogen storage alloy 
primarily used as an anode material of batteries of the above-described type, various 
characteristics are required, such as high hydrogen storage capacity, low equilibrium 
pressure, corrosion resistance, and plateau flatness, in order to improve the 
characteristics of the batteries. Some of these characteristics are conflicting with one 
another, such that studies and researches are under progress for improving the 
characteristics without sacrificing other characteristics. Some of these characteristics 
have already been practically used. 

Regarding improvement of the corrosion resistance of the hydrogen storage 
alloys that improve a cycle performance of the battery, a method of adding cobalt has 
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been found effective, so the method has come into practice use. However, cobalt is a 
very expensive metal, therefore increasing alloy prices. Thus, techniques for 
maintaining the corrosion resistance of alloys with the additive content of cobalt being 
reduced are under development at present. 

For example, a method for using a large number of additive elements other than 
cobalt is presently under researches and study. However, according to such a method, 
the number of elements composing the alloy increases to the extent of making it 
difficult to implement battery recycling, thereby arising a new problem of increasing the 
cost necessary for recycling. In addition, an approach has been attempted to increase 
the ratio of a Ni-based B site composition relative to an A site composition based on 
rare earth elements. According to the approach, however, it becomes difficult to 
homogenize the alloy structure, thereby leading to, for example, cases where the plateau 
slope in a PCT curve is excessively increased or it has a high tendency to become multi- 
step plateau, thereby causing problems of, for example, reductions in the battery 
capacity and in the battery internal pressure. 

For improving the activity of the hydrogen storage alloy, which cause the 
improvement of the battery activity, attempts have been made to implement a method of 
providing a surface treatment using, acid or alkali and a method of increasing the ratio 
of the A site component. However, the activity is a factor that conflicts with the 
corrosion resistance described above, such that these methods for improving the activity 
have a problem of concurrently reducing the corrosion resistance. 

Recently, nickel-hydrogen secondary batteries are used also as batteries required 
for high rate discharge for use such as power tools, such that further improvement is 
demanded for the characteristics of hydrogen storage alloys for that use. 

Disclosure of Invention 

An object of the present invention is to provide an hydrogen storage alloy, a 
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powder thereof, a production method therefor and a nickel-hydrogen secondary battery 
anode using the hydrogen storage alloy powder, in which the hydrogen storage alloy is 
effective as an electrode material for nickel-hydrogen secondary batteries, provided, in a 
balanced manner, with activities such as an initial activity and high rate discharge 
performance, corrosion resistance, life performance, and recyclability that can be 
exhibited with a low content of cobalt. 

In order to solve the problems described above, the inventors carried out 
extensive study and research regarding the interrelationships between the alloy 
composition, structure, and the like and the corrosion resistance and activities. As a 
consequence, the inventors learned that the problems can be solved in such a manner 
that the B site composition of the alloy is restricted to a specific range, and the Al and 
Mn contents of the B site composition are restricted to specific ranges, and thereby 
completed the present invention. 

More specifically, according to the present invention, there is provided a 
hydrogen storage alloy that comprises a composition represented by formula (1) and 
that is substantially single phase, wherein an average crystal grain size of contained 
crystals is 15 j^m or less, and a ratio (D1/D2) between a grain length dimension (Dl) 
and a grain breadth dimension (D2) of each one of the crystals is 3 or greater: 

RNiaCob AlcMridMe ( 1 ) 

(where R represents rare earth elements including yttrium or a complex element thereof; 
M represents Mg, Fe, Cu, Zr, Ti, Mo, W, B, or a mixture thereof; a is set to 3.30 < a < 
5.15; b is set to 0.10 < b < 0.50; c is set to 0.15 < c < 0.35; d is set to 0.10 < d < 0.45; e 
is set to 0 < e < 0.50; 5.10 < a+b+c+d+e < 5.50 is satisfied; and an abundance ratio c/d 
of Al and Mn is ranged from 0.1 to 5.O.). 

The present invention further provides a hydrogen storage alloy powder 
comprising the composition represented by formula (1), wherein an average crystal 
grain size of contained crystals is 15 jam or less, a ratio (D1/D2) between a grain length 



3 



Translation of WO2003/056047 Al 



dimension (Dl) and a grain breadth dimension (D2) of each one of the crystals is 3 or 
greater, and a grain size is 1 0 um or greater. 

The present invention further provides a production method for the hydrogen 
storage alloy, wherein, after alloy raw materials resulting in the composition represented 
by formula (1) are melted, the alloy melt is cooled to be solidified, a cast slab having an 
average thickness of 0.05 to 0.5 mm is obtained, and the obtained cast slab is heat 
treated at a temperature of 900 to 1 100°C for 30 minutes to 10 hours; and a production 
method for the hydrogen storage alloy powder, wherein a step of pulverization is further 
carried out. 

The present invention further provides a nickel-hydrogen secondary battery 
anode containing the hydrogen storage alloy powder described above and a conductive 
material as anode materials. 



Best Mode for Carrying Out the Invention 

The present invention will be described in detail herebelow. 
The hydrogen storage alloy according to the present invention has a composition 
as expressed by the above-mentioned formula (1). R in formula (1) represents rare earth 
elements including yttrium or a complex element of these two or more elements. More 
specifically, for example, from the viewpoint of improving characteristics such as 
corrosion resistance in the event of use as an anode activator of a nickel-hydrogen 
secondary battery, it is preferable that the element contain one element or two or more 
elements selected from a group consisting of La, Ce, Pr, and Nd; or alternatively, it is 
preferably one element or two or more elements selected from the group consisting of 
La, Ce, Pr, and Nd. In this case, it is preferable that the ratios of the respective rare 
earth elements are 40 to 100 vol% (percent by volume) La, 0 to 50 vol% Ce, 0 to 50 
vol% Pr, and 0 to 50 vol% Nd. 

In formula (1), a representing the Ni content is set to 3.30 < a < 5.15, and 
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preferably 3.90 < a < 4.75. The parameter b representing the Co content is set to 0. 1 0 < 
b < 0.50, and preferably 0.20 < b < 0.50. When b exceeds 0.50, the alloy cost increases; 
whereas when b is less than 0.10, a reduction in the corrosion resistance is not avoidable 
The parameter c representing the Al content is set to 0. 1 5 < c < 0.35, and preferably 
0.20 < b < 0.30. The parameter d representing the Mn content is set to 0. 10 < d < 0.45, 
and preferably 0.20 < d < 0.30. The parameter c/d representing the abundance ratio of 
Al and Mn is set to 0. 1 to 5.0, and preferably 0.3 to 1 .0. With c/d being out of the given 
range, the desired alloy cannot be obtained. 

In formula (1), M represents an additive element for adjusting the hydrogen 
storage characteristic of the alloy, and specifically represents Mg, Fe, Cu, Zr, Ti, Mo, W, 
B or a mixture of two or more of them. The parameter e representing the M content is 
set to 0 < e < 0.50. When e exceeds 0.50, improvement of the characteristics 
corresponding to the additive content cannot be expected, and recycling may become 
difficult. 

For the alloy according to the present invention, the value of a+b+c+d+e 
representing a B site element ratio is 5.10 to 5.50, and preferably 5.20 to 5.40. The 
value less than 5.10 makes it difficult to form a desired alloy structure, and the value 
exceeding 5.50 makes it impossible to avoid a capacity reduction. 

The structure of the hydrogen storage alloy according to the present invention is 
substantially single phase in order to obtain desired effects according to the present 
invention. The alloy structure being a substantially single phase refers to when a peak 
of the phase resulting from a phase other than a desired phase exists due to X-ray 
diffraction, a highest peak intensity thereof becomes a value within 5% of the peak 
intensity resulting from the desired phase. 

The hydrogen storage alloy of the present invention includes a crystal structure, 
in which an average crystal grain size of the contained crystals is 15 urn or less, 
preferably 10 urn or less, and more preferably in the range of 1 to 10 urn, and D1/D2 of 
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each crystal is 3 or greater preferably 10 or greater, and more specifically in the range 
of 10 to 40. If the average crystal grain size exceeds 15 urn, it is difficult to obtain a 
desired activity when the alloy is used for secondary battery anodes. Alternatively, if 
D1/D2 is less than 3, it is difficult to obtain a desired corrosion resistance. 

According to the present invention, Dl is a grain length dimension of the crystal 
that represents a maximum value in the longitudinal direction of the crystal grain. D2 is 
a grain breadth dimension representing an average value of the lengths of line segments 
obtained such that a line segment representing the grain length dimension is equally 
divided into five parts, in which four straight lines perpendicular to the line segment 
representing the grain length dimension are respectively cut by the ends of the crystal 
grains. In addition, according to the present invention, the average crystal grain size 
represents the average value of the grain breadth dimensions. 

A method for producing the hydrogen storage alloy according to the present 
invention is not specifically limited as long as the method is capable of controlling the 
composition and crystal of the alloy as described above. However, a production method 
according to the present invention, as described below, is preferable. 

The production method for the hydrogen storage alloy according to the present 
invention is characterized in that, after alloy raw materials resulting in the composition 
represented by formula (1) are melted, an alloy melt is cooled to be solidified, cast slabs 
having a specific average thickness is obtained thereby, and the cast slabs thus obtained 
each undergoes a heat treatment under specified conditions. 

In the present inventive production method, as an alloy raw materials resulting in 
the composition represent by formula (1), no specific limitations are imposed as long as 
the materials are metals or an alloy whose obtainable alloy composition satisfies the 
formula (1). Ordinarily, either a mixture of respective metals resulting in the 
composition represented by formula (1) or a mother alloy having a desired composition 
preadjusted can be used. An alloy melt of the alloy raw materials can be obtained by a 



6 



Translation of WO2003/056047 Al 



well known method, such as high frequency induction melting in an inert gas 
atmosphere by using, for example, an alumina crucible. 

Then, in the present inventive production method, the alloy melt is cooled to be 
solidified, thereby to obtain cast slabs having an average thickness of 0.05 to 0.5 mm. 
In this event, if the cooling rate is high, then the crystal grain is fined in size. However, 
if the cooling rate is low, then the crystal grain is coarsened in size. In the cast slab 
making stage, the crystal grain size is not uniform, so that a heat treatment is performed 
at specified conditions at a later step. For this reason, since the crystal grain size is 
coarsened in the heat treatment, an excessively low cooling rate during making of the 
cast slab is not preferable. Conversely, an excessively high cooling rate is not 
preferable because while the crystal is fined and the dispersion state thereof is improved, 
drawbacks such as difficulty in the control of the heat treatment conditions and 
reduction in productivity occur. In addition, in the case where, for example, the cooling 
rate is further increased to the level of causing an amorphous state, it makes it difficult 
to precipitate the desired crystal grain even by performing heat treatment thereafter, so 
that such a high cooling rate is not preferable. 

From the factors described above, the cast slabs are preferably made by, for 
example, a strip casing process, centrifugal casting process, or rotary disk casting 
process using a single roll, double roll, or the like that enables suitable cooling rates to 
be obtained. Cooling conditions can be accomplished with normally about 10 to 
3000°C/sec, preferably about 10 to 500°C/sec, and more preferably about 10 to 
200°C/sec. 

The thicknesses of the cast slabs to be obtained should be controlled to the range 
of 0.05 to 0.5 mm in order to eliminate fluctuations in the crystal grain size in the cross- 
sectional direction of the cast slab and to make the crystal grain size after later- 
mentioned heat treatment uniform. In this case, with the above-described cooling 
method employed, columnar crystal grows along the thickness direction of the cast slab 
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to be obtained. In single side cooling by the single-roll strip casting process or the like, 
a crystal grain size of a surface in contact with a coolant is smallest, and the crystal 
grain size increases toward the opposite surface. In double-side cooling using the 
double-roll strip casting process or the like, a crystal grain size of a surface in contact 
with a coolant is smallest, and the crystal grain size increases toward the central position 
of the cast slab. With the cast slab thickness exceeding 0.5 mm, the differences in the 
crystal grain size across portions where the crystal grain size is large and portions where 
the crystal grain size is small are excessively large, thereby making it difficult to create 
the desired structure even by performing the heat treatment described further below. 

In the production method according to the present invention, a desired hydrogen 
storage alloy can be obtained by subjecting the obtained cast slab to the specific heat 
treatment. Generally, as the heat treatment temperature is set higher and as the heat 
treatment time is set longer, the grain size differences across the respective crystals in 
the cast slab can be correspondingly reduced. However, undesired cases can occur in 
which the desired characteristics cannot be obtained because the crystal grain size is 
excessively large. Thus, in the production method according to the present invention, 
the heat treatment conditions should be set with the temperature of 900 to 1 100°C and 
the time of 30 minutes to 1 0 hours. 

The hydrogen storage alloy powder according to the present invention includes 
the composition represented by formula (1), in which the grain size is 10 urn or larger; 
an average crystal grain size of the contained crystals is 15 urn or less and preferably 10 
urn or less; and D1/D2 of each crystal is 3 or greater and preferably 10 or greater. The 
effects of the respective compositions are similar to those of the above-described 
hydrogen storage alloy according to the present invention. 

In the case where the hydrogen storage alloy powder of the present invention is 
used as a secondary battery anode, other alloy powders may be contained. In this case, 
the average grain size of the alloy powders, including the hydrogen storage alloy 
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powder of the present invention, is preferably in the range of from 5 to 100 urn. In 
addition, each of all the alloy powders other than the present inventive hydrogen storage 
alloy, preferably, has the composition represented by formula (1), with an exception that 
the c/d value in the formula (1) does not necessarily have to be satisfied. 

The crystal grain size of the alloy powder, which contains the present inventive 
hydrogen storage alloy powder for the use as the secondary battery anode is preferably 
5 urn or greater and more preferably in the range of from 5 to 50 urn. In particular, for 
the use as an electrode, the crystal grain size is preferably 1/2 or less of the average 
grain size of the alloy powders used. 

For the use as an electrode material, in order to improve the electrode 
characteristics, the hydrogen storage alloy powder can be subjected to well known 
processes, such as surface coating with plating, polymer, or the like, and a surface 
treatment with, for example, a solution of acid or alkali. 

The hydrogen storage alloy powder of the present invention can be obtained by 
the production method of the present invention, in which, after, for example, the 
hydrogen storage alloy of the present invention has been produced, an obtained and heat 
treated cast slab is pulverized. 

The step of pulverizing the heat treated cast slab is not specifically limited, but a 
well known step of the pulverization can be used, as long as alloy oxidation does not 
develop during the pulverization of the cast slab and a specific granularity can be 
obtained from the step. For example, usable examples include a wet pulverization 
method using low oxygen water, dry pulverization method using a pin mill, disk mill, 
and the like, and a hydrogen pulverization method using hydrogen gases. 

The nickel-hydrogen second battery anode of the present invention is not 
specifically limited as long as it contains the hydrogen storage alloy powder of the 
present invention and a conductive material as an anode material, and it may contain 
other materials in order to improve other characteristics and to achieve other objects. 
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The nickel-hydrogen secondary battery anode of the present invention can be 
prepared in such a manner that, for example, the alloy powder, which contains the 
present inventive hydrogen storage alloy pulverized to a specific granularity, and a 
conductive material are used, and they are mixed with a binder and a conduction 
assistant in accordance with a well known method. In this manner, the anode can be 
obtained. In this case, known conductive material, binder, and conduction assistant can 
be used without being limited to specific materials. 

The hydrogen storage alloy of the present invention and powder thereof each 
have the specific composition and the specific structure, such that they are useful as 
electrode materials of nickel-hydrogen secondary batteries. When the alloy and powder 
thereof are used as the anode material, the initial activity, the high rate discharge 
characteristics, the corrosion resistance, and life performance can be obtained with 
good balance. Further, these characteristics can be obtained with a low Co content, and 
also the recyclability can be expected, such that the alloy and powder thereof are 
excellent in practicability. Further, the present inventive production method enables 
such hydrogen storage alloy and powder thereof to easily be industrially obtained. 

The nickel-hydrogen secondary battery anode of the present invention uses, as an 
active material, the hydrogen storage alloy powder of the present invention, so that the 
anode enables the effects as the secondary battery anode to be obtained and exhibits 
high practicability. 

Examples 

The present invention will be described in further detail by reference to examples 
and comparative examples; however, the invention is not limited to these examples. 
Examples 1-1 to 1-5 and Comparative Examples 1-1 and 1-2 
Rare earth metals (using misch metals supplied by Santoku Corp. in Examples 1- 
1 to 1-4) having atomic ratios shown in Table 1 were used as the A site, material metals 
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or alloys when the A site was 1 were mixed so that the atomic ratios of Ni, Co, Mn, and 
Al and x of ABx had the values shown in Table 1 . Thereby, each alloy melt was 
prepared through high frequency induction melting in an argon atmosphere by using an 
alumina crucible. Subsequently, the obtained alloy melt was continually supplied to a 
single roll system by using a tundish, and was rapidly cooled at a cooling rate of 
100°C/sec by the strip casting method, whereby each cast slab having thickness of 0.2 
mm was prepared. Subsequently, each cast slab thus obtained was heat treated in an 
argon gas atmosphere under the conditions shown in Table 1, whereby each hydrogen 
storage alloy was prepared. 

The obtained hydrogen storage alloys were quantitatively analyzed by an X-ray 
fluorescence analyzer ("SMX-10" supplied by Rigaku Electric Industry, Ltd.), and 
consequently, it was verified that each alloy has the same composition as the mixture 
composition. Each alloy structure was observed through a scanning electron 
microscope, and it was verified through the x-ray diffraction whether the alloy is 
essentially a single phase. Further, the average particle size, Dl, and D2 were measured 
from the alloy structure observed through the scanning electron microscope. The 
respective results are shown in Table 1 . 
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Examples 2-1 to 2-5 and Comparative Examples 2-1 and 2-2 
The obtained hydrogen storage alloys prepared in Examples 1-1 to 1-5 and 
Comparative Examples 1-1 to 1-2 were mechanically pulverized, and hydrogen storage 
alloy powders each having an average grain size of 60 urn or less were prepared. 

The obtained hydrogen storage alloy powders were quantitatively analyzed by 
the X-ray fluorescence analyzer (SMX-10 series supplied by Rigaku Electric Industry, 
Ltd.), and consequently, it was verified that each alloy has the same composition as the 
compositions of the hydrogen storage alloys prepared in Examples 1-1 to 1-5 or 
Comparative Examples 1-1 to 1-2. Further, the results of respective measurements 
obtained in the same manners as in Examples 1-1 to 1-5 are shown in Table 2. 



Table 2 





Crystal 
Structure 


Average Crystal 
Grain Size (urn) 


Dl (urn) 


D2 (urn) 


D1/D2 
Ratio 


Example 2-1 


Single phase 


8.7 


99.1 


8.5 


11.7 


Example 2-2 


Single phase 


13.4 


96.9 


13.0 


7.5 


Example 2-3 


Single phase 


7.5 


83.2 


7.2 


11.6 


Example 2-4 


Single phase 


5.5 


88.8 


5.4 


16.4 


Example 2-5 


Single phase 


9.2 


93.6 


9.1 


10.3 


Comparative 
Example 2-1 


Single phase 


11.4 


90.4 


11.0 


0.82 


Comparative 
Example 2-2 


Single phase 


8.2 


98.0 


8.8 


11.1 



Examples 3-1 to 3-5 an d Comparative Examp le s 3-1 and 3-2 

From each of the obtained hydrogen storage alloy powders prepared in Exampl 
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2-1 to 2-5 or Comparative Examples 2-1 and 2-2, 1 .2 g of a measured lot of the powder 
was mixed with 1 g of nickel carbonyl acting as a conductive material and 0.2 g of a 
fluorocarbon polymer powder acting as a binder, whereby respective fibrous materials 
were prepared. The obtained fibrous materials were covered by a nickel mesh and press 
formed at a pressure of 2.8 tons/cm 2 , whereby nickel-hydrogen secondary battery 
anodes were produced. For each anode, a charge and discharge test was performed in a 
pressurized vessel having 5 atmospheres in a 30% KOH, the initial activity, high rate 
discharge characteristics, and corrosion resistance were evaluated, as shown below. The 
results are shown in Table 3. 

The initial activation was performed 10 cycles at a discharge current of 0.2 C, in 
which the discharge capacity at the third cycle with respect to the discharge capacity at 

the tenth cycle was evaluated. 

For the high rate discharge performance, the capacity when discharged with 1 C 

at the 1 1th cycle was measured, the ratio of the value in that instance to the discharge 

capacity at the 1 0th cycle was evaluated. 

For the corrosion resistance, at the 12 th and subsequent cycles, discharging was 

carried out again with the discharge current of 0.2 C, and a capacity maintenance factor 

at the 600th cycle with respect to the discharge capacity at the 10th cycle was evaluated. 



Table 3 





Initial Activity 
(%) 


High Rate Discharge 
Performance (%) 


Corrosion 
Resistance (%) 


Example 3-1 


96.6 


93.3 


95.6 


Example 3-2 


95.0 


92.5 


96.8 


Example 3-3 


97.5 


94.1 


96.2 


Example 3-4 


97.9 


95.0 


96.6 


Example 3-5 


95.7 


93.2 


94.2 
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Comparative 
Example 3-1 


89.4 


84.2 


95.5 


Comparative 
Example 3-2 


96.2 


82.2 


82.2 
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CLAIMS 

1 . A hydrogen storage alloy that comprises a composition represented by formula 
(1) and that is substantially single phase, wherein an average crystal grain size of 
contained crystals is 15 urn or less, and a ratio (D1/D2) between a grain length 
dimension (Dl) and a grain breadth dimension (D2) of each one of the crystals is 3 or 
greater: 

RNi a Co b Al c Mn d M e (1) 
(where R represents rare earth elements including yttrium or a complex element thereof; 
M represents Mg, Fe, Cu, Zr, Ti, Mo, W, B, or a mixture thereof; "a" is set to 3.30 < a < 
5.15; b is set to 0.10 < b < 0.50; c is set to 0.15 < c < 0.35; d is set to 0.10 < d < 0.45; e 
is set to 0 < e < 0.50; 5.10 < a+b+c+d+e < 5.50 is satisfied; and an abundance ratio c/d 
of Al and Mn is ranged from 0.1 to 5.O.). 

2. A hydrogen storage alloy powder comprising a composition represented by 
formula (1), wherein an average crystal grain size of contained crystals is 15 um or less, 
a ratio (D1/D2) between a grain length dimension (Dl) and a grain breadth dimension 
(D2) of each one of the crystals is 3 or greater, and a grain size is 10 um or greater. 

3. A method for producing the hydrogen storage alloy of claim 1, wherein, after 
alloy raw materials resulting in the composition represented by formula (1) are melted, 
an alloy melt is cooled to be solidified, and a cast slab having an average thickness of 
0.05 to 0.5 mm is obtained, and the obtained cast slab is heat treated at a temperature of 
900 to 1 100°C for 30 minutes to 10 hours. 

4. A method for producing the hydrogen storage alloy powder of claim 2, 
wherein, after alloy raw materials resulting in the composition represented by formula 
(1) are melted, an alloy melt is solidified by being cooled, a cast slab having an average 
thickness of 0.05 to 0.5 mm is obtained, the obtained cast slab is heat treated at a 
temperature of 900 to 1100°C for 30 minutes to 10 hours, and then the cast slab is 
pulverized. 
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5. A nickel-hydrogen secondary battery anode containing the hydrogen storage 
alloy powder of claim 2 and a conductive material as anode materials. 
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